SIRT3 interactions with FOXO3 acetylation, phosphorylation and ubiquitinylation mediate endothelial cell responses to hypoxia.
The endothelial cells (ECs) that line the vascular lumen are exposed to a wide variety of environmental stresses, such as hypoxia. Maladaptation to stress in ECs is a key event in the development of cardiovascular disease. Sirtuin 3 (SIRT3) is an NAD+-dependent protein deacetylase that modulates various proteins to control mitochondrial function and metabolism. We found that hypoxia elicits an increase in SIRT3 mRNA and protein expression in ECs. Under the same hypoxic conditions, the forkhead box class O transcription factor FOXO3 is deacetylated by SIRT3. The SIRT3-mediated deacetylation of FOXO3 further reduces FOXO3 phosphorylation, ubiquitination and degradation, thereby stabilizing FOXO3 proteins. As a result, the level of FOXO3 protein is increased during hypoxia. Moreover, a set of FOXO3-dependent mitochondrial antioxidant enzymes, including manganese superoxide dismutase (MnSOD), peroxiredoxin 3 (Prx3), Prx5 and thioredoxin 2 (Trx2), are up-regulated in ECs to facilitate ROS detoxification in response to hypoxia. The SIRT3-mediated deacetylation of FOXO3 preserves mitochondrial bioenergetic function and increases cell survival under hypoxic conditions. These results indicate that SIRT3 stabilizes FOXO3 via deacetylation, which enhances the mitochondrial antioxidant defence system to increase the adaptive capacity of ECs during hypoxia. This finding provides a direction for ameliorating the development of cardiovascular diseases.